i and S i are the enthalpy and entropy changes, respectively, associated with base pair formation, and are calculated as described in (1).
The index i in Eq. (S1) ranges from 1 to N bp , where N bp is the total number of WC base pairs in that microstate, and i = 1 corresponds to the first base pair at the free end of the stem (away from the loop). G i,i±1 terms in Eq. (S2) are the deviations from the average n-n stacking free-energy for each type of n-n stack and their values are taken from the work of Benight and co-workers (2, 3). The G i,i±1 parameters are only defined if neighboring nucleotides adjacent to a WC pair can potentially form a WC base pair. Since that is not always the case for misfolded microstates, we ignore all sequence-dependence to the n-n stacking free-energy in misfolded microstates and assign G i,i±1 = 0.
The cooperativity parameter,  end , at the free end of the stem depends upon the specific type of base pairs at a junction between an intact and broken base pair. For example, if the first intact base pair is not at the end of the stem, then the cooperativity parameter assigned to the junction has the form
where  is the average of the 10 different stacking interactions and is assigned a value of 4.5x10  . The loop contribution to the stability of each of the microstates is given by:
where z wlc is the end-loop weighting function from a wormlike chain description of the probability of loop formation with N bases in the loop:
Here b = 2P is the statistical segment length (also known as the Kuhn's length) and P is the persistence length, V r is a characteristic reaction volume within which the bases at the two ends of the loop can form hydrogen bonds (calculated using a reaction distance of 1 nm), and g(N) is the loop-closure probability, which, for a wormlike chain model, is written as derived by Shimada and Yamakawa (4) 
In Eq. (S6) N b = (N+1)h/b is the number of statistical segments in the loop, and h is the internucleotide distance.
( ) in Eq. (S4) is an additional loop stability term, and is described in Eq. (2) of the manuscript.
Solution to the master equation describing the coupled rate equations.
The matrix form of the master equation, Eq. (4) of the manuscript, is
where P is a column vector col(p 1 , ,p  ), and M is a Ω × Ω rate matrix with (6), solid line, and for a wormlike chain predicted by Thirumalai and co-workers (7), dashed line, and used in the manuscript. The two theoretical estimates deviate at short length scales, as is to be expected, since the Gaussian chain result is in the limit L>>b. At long length scales, the estimate of Thirumalai and co-workers scales with the length of the loop as ~− 2 , more consistent with simulations of loop closure for long polymer chains (8) 
